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10.1 INTRODUCTION 
 
Gabions can be applied in both civil and hydraulic engineering, it implies that gabions will 
be found in or on soil as retaining structures, along the streams and sea coast as erosion 
control structures. With such wide applications, the gabions must be built durable enough to 
withstand all possible site conditions that might weaken and damage the structure. However, 
the durability of the gabions relies greatly on the durability of the wire mesh as limited life 
of the wire basket is the major drawback of gabions [1]. To overcome, present coating 
technology which applies a polyvinyl chloride (PVC) or cross-linked polyethylene (XLPE) 
guaranteed the durability of gabions [2].  
Gabions can be formed by hexagonal woven wire mesh or welded wire mesh. For 
wire mesh, the materials must satisfy high mechanical properties and corrosive resistance. 
Galvanized wires are normally used to reduce corrosion. The wires may be also coated with 
PVC or other materials to prevent corrosion which can damage the wire mesh [3]. When 
individual units are stacked, it forms a reinforced cellular structure, known as gabions wall. 
Coatings play a significant role in corrosion control which are later applied in major 
corrosion-control methods include sacrificial protection and barrier protection, but very 
often they are used in conjunction [4]. Sacrificial protection, cathodic protection or zinc-rich 
coating is a method to prevent corrosion galvanically. In contrast, barrier protection is 
usually applied in the form of impermeable coatings to suppress the transmission of oxygen 
and water from contacting the metal surface, to a sufficient extend that corrosion may be 
prevented [5].  
Weathering is a universal phenomenon that occurred in plastic materials when they 
are subjected to external environments and exposed to the outdoor thermal, radiation 
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moisture and chemical conditions [6]. The effects of weathering can be shown in various 
forms including change in colour, texture and dimensions, weakening of molecular chains, 
altering the mechanical, electrical and physical properties. Worse, weathering may cause 
materials to completely deteriorate. Weathering factors include heat, light, oxygen, 
water/humidity and pollutants [7]. 
Weathering test is a scientific process of exposing polymeric materials to a natural 
environment or accelerated in a weathering chamber. Weathering techniques generally 
involve comparative technique which expose materials together with a benchmark material 
of known performance or measure the change in properties of an exposed material [6]. 
Weathering test is a variable science as the weather is variable, hence the exposed materials 
are facing constant change of environment [6]. 
The objectives of this study are to determine the anti-corrosion characteristics of a 
proprietary plastic-based coating material for gabion steel wire and to identify the rate of 
corrosion under various weathering conditions in dry and soaked conditions. Study was 
conducted to examine the effectiveness of a proprietary plastic-based protective coating for 
gabion wires against corrosion in exposure to weathering elements. Material is based on the 
Industrial Collaborator, i.e. United Glory Industry Sdn. Bhd, Batu Pahat recommendation 
and supply. Weathering elements examined include UV exposure and heat in both dry and 
soaked conditions. The effectiveness of the protecting coating would be determined by 
tensile properties tests. Material samples are subjected to natural weathering for 750 hours. 
 
10.2 MATERIALS AND METHODS 
 
Durability of gabions is enhanced by providing various protection to the steel wire, such as 
heavy galvanisation or application of protective coating. However, due to the versatility of 
gabions, they can be applied in various fields under different weathering conditions. In this 
study, the focus is on adopting natural/outdoor weathering testing to determine the effect of 
weathering on the proprietary plastic-based coating by evaluating their mechanical 
properties change. The mechanical properties evaluated included tensile strength, and 
elongation. Figure 3.1 shows to overall research methodology. 
 
 
Figure 10.1 Overall research methodology flow chart of this research. 
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Site conditions refer to the natural environment that might be experienced by the 
gabions during their applications. The proposed site conditions included the exposure 
possibilities, recreated in outdoor condition to examine how these conditions affect the 
weathering rate of the protective coating. Table 1 shows how the proposed conditions were 
related to real conditions.  
 
Table 10.1 Relationship between prepared conditions and actual site conditions 
No. Proposed Site Conditions Simulation 
1. Unconditioned  Typical daytime  
2 Soaked in water Applied in river banks, dams and flood prone areas 
3 Soaked in acid (pH 4.5) Applied in contaminated rivers, peat soil area 
4 Soaked in alkali (pH 8.0) Applied in contaminated rivers near industrial area 
5 Soaked in saltwater Applied in coastal area 
6 Covered with wet soil  Buried in normal river area 
7 Covered with acidic soil (pH 
4.5) 
Buried in peat soil area 
8 Covered with alkali soil (pH 
8.0) 
Buried in alkali metal polluted soil 
9 Covered with marine deposits Buried in coastal area 
 
The test samples of proprietary plastic-based coating were provided by United Glory 
Industry UGI Sdn. Bhd. The geometry and dimension of the test samples were based on the 
mechanical properties testing carried out after every 250 hours of exposure for total of 750 
hours. Each test required samples of specific dimensions to be installed in the test 
equipment. The proprietary plastic-based coating for tensile strength and elongation samples 
were manufactured using hot-pressing method. The average thickness of the sheet was 1.60 
mm. The test samples were tested using the universal testing machine (UTM) for tensile 
strength (TS), elongation at break (%E) and elastic modulus at 100% elongation (M100%) 
as per standard industrial practice.  
 
Figure 10.2 Geometry and dimensions of the tensile test 
samples ( EN ISO 527-3, 1995)  
 
Figure 10.3 Tensile samples 
puncher 
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The test was done according to EN ISO 527-3:1995 (Plastics — Determination of 
Tensile Properties — Part 3: Test conditions for films and sheets). Dimensions for the 
samples used were modified from specimen type 5 as suggested in BS EN ISO 527-3:1996 
with dimensions of 115 mm overall length and 25 mm width, 25 mm gauge length and 6 
mm gauge width. Figure 10.2 shows the geometry and dimensions of the tensile test 
samples. Elongation was measured by contact extensometer as shown in Figure 10.10. 
Samples were stamped using JCD puncher as shown in Figure 10.3. 
The outdoor weathering test adopted the direct exposure method, which was 
conducted by exposing test samples on an exposure rack. The test samples were subjected to 
elements of natural outdoor environment, which primarily included solar radiation (UV), 
moisture and heat. The test was carried out for 750 hours, starting from 22nd October 2017 
to 25th November 2017, with samples retrieved for tests every 250 hours to run the tensile 
and abrasion resistance test. The test was conducted on an empty field located in between 
Block F and Block G in Universiti Tun Hussein Onn Malaysia (UTHM) Pagoh Campus 
(2.149N, 102.731E) as shown in Figure 3.4 and 3.5. The testing site was an open field and 
received sunlight throughout the day without obstruction by nearby structures. The climatic 
data were monitored. 
 
 
Figure 3.4 Test site  
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Figure 3.5 Test site location Source: (Google Maps, 2017) 
  
 A steel exposure rack was fabricated to hold the test samples throughout the 
exposure period. The rack was designed to be tilted with exposure angle of 45o from the 
horizontal (Figure 10.6). 
 
 
Figure 10.6 Design of exposure rack (SketchUp Drawing) 
 
In the set-up, monitoring systems were included to observe and record the changes 
in the variables during the weathering test. The ambient temperature and relative humidity 
of the test site were measured and recorded automatically by Elitech GSP-6 Temperature 
and Humidity Data Logger. The rainfall intensity was moni-tored daily by ClimeMET 
CM1088 Rain Gauge and data were rec-orded in the ClimeMET CM5011 Rainfall Chart. 
Complete set-up was shown in Figure 10.7.  
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Figure 10.7 Complete set-up for outdoor weathering test 
 
During weathering, samples were placed on the rack to receive maximum exposure 
to UV, heat and moisture. All 9 exposure con-ditions were simulated in separate sample 
holders to avoid cross-contamination of acidic, alkaline and salt solution vapours. Samples 
for tensile properties test were placed in a clear PVC zipper bag (320 mm X 220 mm) 
(Figure 10.8). The holder was watertight and chemical-resistant. Test samples were 
externally secured with paper clips to prevent them from overlapping with one another and 
reducing exposure surface. The opening was sealed to prevent leakage and contamination. 
 
 
Figure 10.8 Tensile test sample holder  
 
A set of test samples were tested for tensile properties (tensile strength, elongation at 
break and elastic modulus at 100% elongation) without undergoing any exposure test, i.e. 
control samples. This was to provide the base results for comparison with the exposed test 
samples. 
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After the test samples were exposed to weathering outdoor, the test samples are 
collected and subjected to the tensile test. Tensile test was carried out using the GOTECH 
AI-3000 universal testing machine with 5 kN load cell (as shown in Figure 10.9) to 
determine the ability of the coating to withstand the pulling forces applied and to what 
extend the coating can be stretched before breaking. Through this test, maximum load of the 
test samples was determined. With the input of sample dimensions (gauge length, thickness, 
width), the GOTECH Testing Machine Inc. U60 dedicated software analysed and calculated 
the tensile strength and M100% automatically. Stress-strain graphs were provided as well. 
The elongation at break was measured using the machine provided extensometer as shown 
in Figure 10.9 and recorded by the software.  
The test was conditioned according to the preferred atmosphere by EN ISO 527-
3:1995 of 23 ± 2°C and 50 ± 10% relative humidity. The test speed was set at 100 ±0.5% 
mm/min. The test sample was placed vertically in the GOTECH MB500 sample grip with a 
distant of 50 mm and tightened firmly and evenly to prevent slippage. Details of the grip are 
shown in Figure 10.10. The increment in the resistance was detected by the 5 kN load cell as 
the test sample elongates. The data obtained was compared with the base results (control) to 
determine the effect of weathering on tensile strength, elongation at break and M100%. 
 
  
Figure 10.9 GOTECH AI-3000 universal 
testing machine (UTM) 
Figure 10.10 GOTECH MB-500 grip 
and extensometer 
 
10.3 RESULTS AND DISCUSSION 
 
Climatic parameters monitored throughout the natural weathering included ambient 
temperature, relative humidity and rainfall intensity. All parameters were monitored from 
23th October 2017, 9.00 a.m.to 25th October 2017, 9.00 a.m. Samples are being tested for 
the change in tensile properties according to EN ISO 527-3:1995 respectively every 250 
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hours interval. The test results were compared between the control (unexposed) and the 
exposed samples. This helps to understand how each site conditions and natural weathering 
can affect the durability of the PVC coating material.  
 
Table 10.2 Ambient temperature during exposure test 
Parameter (average) 250H 
(Oct 23 – Nov 03) 
500H 
(Nov 03 – Nov 14) 
750H 
(Nov 14 – Nov 25) 
Temperature (OC)  27.3 26.8 26.6 
Max temperature (OC) 36.0 34.3 37.4 
Min temperature (OC) 22.6 22.4 22.8 
Relative Humidity 
(RH) 
90.3 % 94.3% 94.6% 
Max. RH 99.9% 99.9% 99.9% 
Min. RH 55.5% 64.7% 56.4% 
 
 
Table 10.3: Rainfall during the exposure period 
Parameter (average) 250H 
(Oct 23 – Nov 03) 
500H 
(Nov 03 – Nov 14) 
750H 
(Nov 14 – Nov 25) 
Total Rainfall (mm) 42 79.5 106 
Max. Rainfall (mm) 18 56 26 
Average Rainfall (mm) 6.7 
 
The meteorological data obtained during the weathering period are tabulated in 
Table 10.2, 10.3 and summarized in Figure 10.11. The decrease in average temperature, 
increase in relative humidity may due to the increase in rainfall intensity. This is because the 
northeast monsoon during November to March (peak rainfall at November) has brought 
increasing amount of rainfall to the southern area [9]. Figure 10.12 shows the average 
monthly temperature and rainfall for Malaysia from 1901-2015. The graph shows an 
increasing rainfall trend from August to December and decreasing temperature trend during 
the same period. 
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Figure 10.11 Average temperature, relative humidity and total rainfall for the exposure site 
 
Figure 10.12 Average monthly temperature and rainfall for Malaysia from 1901-2015 
(Adopted from The World Bank Group – Climate Change Knowledge Portal, 2017) 
Tensile properties of the PVC coating samples were evaluated at 250, 500 and 750 
exposure hours. All testing was done using GOTECH AI-3000 universal testing machine 
with 5 kN load cell. The durability of PVC coating material against various site conditions 
and weathering was determined by comparing exposed samples with unexposed (control) 
samples. Figure 10.13 shows the samples comparison between untested sample and tested 
samples of different site conditions, from unconditioned, water (soaked), water (buried), 
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seawater (soaked), seawater (buried), acid (soaked), acid (buried), alkali (soaked) and alkali 
(buried). All samples experienced significant amount of elongation, but no necking was 
observed. All samples were break (snapped). Therefore, the PVC coating material is 
considered semi-rigid. 
 
 
Figure 10.13 PVC coating samples comparison 
 
PVC coating material generally showed a decrease in tensile strength when the 
samples were subjected to various site conditions and weathering. The difference in tensile 
strength recorded for 3 intervals were averaged to obtain the mean and compared against 
unexposed samples to understand the how different site conditions affect the tensile strength 
(as shown in Figure. 10.14) 
 
 
Figure 10.14 Net tensile strength loss for all samples 
 
The most affected samples were soaked with seawater which experienced a constant 
drop in tensile strength and recorded the most difference as compared to unexposed 
samples. However, Merah et.al. (2013) in a study of artificial and natural weathering of 
chlorinated polyvinyl chloride (CPVC) has observed an insignificant effect of weathering on 
CPVC ultimate strength and tensile properties [10]. This is due to the weathering damage 
was mainly initiated on the sample surface before further affect the whole structure. This 
may lead to greater effect on surface deterioration, thus affecting the abrasion resistance. 
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Further elaboration also mentioned that modulus of elasticity was found to be slightly 
sensitive (slightly affected by natural weathering up to 18 months) to weathering.  
For modulus at 100% elongation, all exposed PVC coating material showed a 
reduction compared to the control samples. The reduction indicates the loss in material 
ductility after going through the weathering process as per finding of Real et al. (2003) [11]. 
The study conducted by Eleni et al. (2011) showed polydimethylsiloxane (PDMS) elastomer 
to harden after 1 year of outdoor exposure [12]. Similarly, Mendes et al.  reported that un-
stabilized high-density polyethylene (HDPE) experienced severe loss in mechanical 
properties (mainly elongation at break and impact resistance) due to photolysis of 
hydroperoxides reactions [13]. Ultimately, the behavior changed from ductile to brittle after 
2520 hours of natural exposure.  
The data for modulus of elasticity at 100% elongation across 750 exposure hours 
were averaged to visualize (Figure. 10.15) the severity of each site condition compared to 
unexposed samples. Net modulus of elasticity at 100% elongation loss showed similar trend 
as compared to net tensile strength loss where samples soaked in seawater experienced the 
most loss. Samples buried in seawater however do not agree with the trend of tensile 
strength loss. This may be due to the biological attack by microorganism activity in soil as 
unknown microorganism growth patches were found on the seawater-soaked tensile test 
samples. 
 
 
 
Figure 10.15 Net modulus of elasticity at 100% elongation loss for all samples 
The elongation at break for PVC coating samples did not appear to be affected 
significantly by weathering and various site conditions, in fact, the trend showed an increase 
of elongation at break as compared to the unexposed samples. Similar variation was found 
in the study of  Merah et al. (2013), where the fracture strain % experienced significant drop 
for the first month of exposure followed by a slight increase in the second month and 
remained nearly constant until 18 months of exposure [14]. A study conducted by Naddeo et 
al. (2004) on spherilene linear low-density polyethylene films showed similar fluctuation in 
elongation percentage. The higher elongation % may be due to the cross-linking mechanism 
[15]. 
Variation in results may also may due to the location of fracture of each sample. The 
sample subjected to tensile load in the UTM. When the sample broke, not all sample broke 
within the gauge length (25 mm), where some were observed to be broken beyond the gauge 
marks, such as at the clipping point of the extensometer. This may cause the recorded 
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elongation at break to be inaccurate. The data for elongation at break across 750 exposure 
hours were averaged  for the ease of comparison (as discussed in sub-topic of tensile 
strength and elastic modulus) on the severity of each site condition compared to unexposed 
samples (Figure 10.16). 
 
Figure 10.16 Net elongation at break gain for all samples 
The results from tensile strength and elastic modulus at 100% elongation showed 
seawater soaked samples experienced the greatest reduction as compared to unexposed 
samples. This result was further verified as the increase in elongation at break of the 
seawater soaked samples was the least. In contrary, unconditioned samples showed the 
minimal tensile strength and elastic modulus at 100% elongation loss. The result was 
verified by the gain in elongation at break. Despite the samples buried in alkali showed the 
least tensile strength loss and most increment in elongation at break, the result is not verified 
by a significant loss in elastic modulus at 100% elongation. Hence, the changes in tensile 
properties showed samples soaked in seawater was to be most affected whereas the 
unconditioned samples to be the least affected. 
 
10.4 RESULTS AND DISCUSSION 
 
Despite the short weathering period (32 days of natural weathering), all samples had showed 
degradation in mechanical properties, including tensile strength, elongation at break and 
elastic modulus at 100% elongation. The data obtained did not show the ‘ideal’ trend of 
degradation due to external factors such as weather, biological influences and pollutants. 
Through analysis and comparison with previous works, this study has concluded that PVC 
protective coating is least durable when soaked in seawater, followed by samples soaked in 
acid. The most durable was found to be the samples exposed only to natural weathering 
without the influence of other site conditions. Other site conditions showed moderate effect 
on the tensile properties and the changes in parameters were similar. 
This implied that aside from UV, temperature and humidity, chemical attacks (acid 
and alkali) has significantly contributed to the degradation of the PVC coating structure 
through a series of degradation mechanism as discussed. Besides, seawater may contribute 
to the degradation, depending on the biological and chemical contaminants. 
 
10.5 RECOMMENDATIONS 
 
Through this study, some recommendations were found useful in providing improvement to 
similar study and future works. Although to provide absolute information on the weathering 
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durability of PVC coating could be difficult, however the results can still be indicative of 
the weathering effects as per the following recommendations: 
 
 i. Samples should undergo longer hours of exposure to weathering, i.e. 2 years to show 
more significant changes in mechanical properties. Short exposure period may lead to 
fluctuation in mechanical properties due reaction such as cross-linking of polymer. 
 
ii. Evaluation on the durability of coating materials should be conducted on coated 
substrate to show more realistic representation and behaviour of the coating material under 
actual applications. 
 
iii. Sample holder should be of material that resist to weathering, i.e. glass to minimize 
the possibility of holder experiencing degradation faster than the samples 
 
iv. Accelerated weathering test should be carried out to compare the degradation rate, 
behaviour and mechanism under controlled environment to correlate with the results 
obtained in natural weathering test. The comparison of results could suggest the effect of 
biological influences and pollutants during weathering test. 
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